The experience of pain can be significantly influenced by expectancy (predictive cues). This ability to modulate pain has the potential to affect therapeutic analgesia substantially and constitutes a foundation for nonpharmacological pain relief. In this study, we investigated (1) brain regions involved in visual cue modulation of pain during anticipation of pain, pain administration, and pain rating; and (2) the association between pretest resting state functional connectivity and the magnitude of cue effects on pain ratings. We found that after cue conditioning, visual cues can significantly modulate subjective pain ratings. Functional magnetic resonance imaging results suggested that brain regions pertaining to the frontoparietal network (prefrontal and parietal cortex) and a pain/emotion modulatory region (rostral anterior cingulate cortex) are involved in cue modulation during both pain anticipation and administration stage. Most interestingly, we found that pretest resting state functional connectivity between the frontoparietal network (as identified by independent component analysis) and the rostral anterior cingulate cortex/ medial prefrontal cortex was positively associated with cue effects on pain rating changes. We believe that these findings will shed new light on our understanding of variable cue/expectancy effects across individuals and how the intrinsic connectivity of the brain may influence expectancy-induced modulation of pain. Ó
a b s t r a c t
The experience of pain can be significantly influenced by expectancy (predictive cues). This ability to modulate pain has the potential to affect therapeutic analgesia substantially and constitutes a foundation for nonpharmacological pain relief. In this study, we investigated (1) brain regions involved in visual cue modulation of pain during anticipation of pain, pain administration, and pain rating; and (2) the association between pretest resting state functional connectivity and the magnitude of cue effects on pain ratings. We found that after cue conditioning, visual cues can significantly modulate subjective pain ratings. Functional magnetic resonance imaging results suggested that brain regions pertaining to the frontoparietal network (prefrontal and parietal cortex) and a pain/emotion modulatory region (rostral anterior cingulate cortex) are involved in cue modulation during both pain anticipation and administration stage. Most interestingly, we found that pretest resting state functional connectivity between the frontoparietal network (as identified by independent component analysis) and the rostral anterior cingulate cortex/ medial prefrontal cortex was positively associated with cue effects on pain rating changes. We believe that these findings will shed new light on our understanding of variable cue/expectancy effects across individuals and how the intrinsic connectivity of the brain may influence expectancy-induced modulation of pain.
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Introduction
The experience of pain can be significantly influenced by our expectations [1, 23, 30, 42] . Previous studies have demonstrated that positive expectancy (anticipating low-intensity pain) can significantly reduce pain, whereas negative expectancy (anticipating high-intensity pain) can significantly increase the painful experience. Paired with expectancy-induced changes in subjective pain ratings, there are widespread changes in the brain during the anticipation and experience of painful stimuli. Nevertheless, the capacity to modulate pain in response to expectancy varies substantially across individuals [54, 61] , which may reflect a crucial difference in the ability to recruit endogenous analgesia and protect our bodies from long-term exposure to pain. Despite the large impact of expectancy cues on pain modulation, the underlying mechanism remains unclear.
Previous investigators have hypothesized that 2 specific brain networks may be crucial for the modulatory effect of expectancy cues [1]: (1) the frontoparietal control network involved in attention and cognitive control [11] and (2) the limbic network involved in emotion modulation [38] . However, the role of these 2 networks for cognitive modulation of pain, and its relation to the individual variability of cue effects, is still unknown.
In recent years, the spontaneous low-frequency fluctuations in brain activity observed during rest have drawn the attention of neuroimaging investigators [6, 19, 44] 
